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e Large forward rapidity gap events.

¢ Event topology in the c.m. frame of the colliding
particles.

e Event shape studies in ete™ annihilation:
Jet structure. |

e Jet structure in DIS LRG events.
e Comparison e*e™ data - ZEUS DIS LRG data.

e Comparison diffractive MC models - ZEUS DIS LRG
data.
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HERA: Deep Inelastic ep Scattering (DIS) at
\/5 ~ 300 GeV

Standard Neutral Current DIS process
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DIS large forward rapidity gap events

Diffractive Mnitihadronie final states:

e No proton remnant in the forward direction: The pro-
ton remains intact after the interaction.

e Hadronic activity.

e No energy flow between the hadronic final state and
the forward direction.

Interpretation: Exchange of colorless object called Pomeron
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Kinematics

p(P)

Yo

Q> = —(k — k’)2 square of 4-momentum transfer

W= ((k — K'Y+ P )2 square of c.m energy <y*—proton frame

Mi = (CE)* - (£p:)* — (Tpy)® — (TP:)"

Mass of the multihadronic final state

If we assume diffractive scattering causcd by IP exchange:

1’\/1'}c = ((k - k') “+ P)2 square of c.u energy v*— IF system

2 M2
Tp = %21—-7‘5 fraction of proton's momentum carried by the IF

Since we do not measure the scattered proton, we assume
the pomeron to be collinear with the initial proton:

P“Z.’BP'P‘H
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DIS LRG event selection

0 Q> >5 GeV?

e 160 < W < 250 GeV

e 7 < My <25 GeV

e More than three particles

® Nmar < 1.8

Npgrt > 3 and Mx > 7 GeV ensure sufficient hadronic
activity.

W > 160 GeV and Mx < 25 GeV are dictated by the
contamination from non-diffractive DIS.

NDmaz < 1.8 to suppress non-diffractive DIS background.
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Niwe ¢ pseudorapidity of the most forward particle.
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The remaining non-diffractive DIS contamination after
Nmaz < 1.8 will be subtracted using MC simulation.
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Event shape analysis
VMotivation:

What:

® The nature of the Pomeron is still far from being clear:
partonic structure?, gluon content? ...

® Get deeper understanding of the basic processes in-
volved in deep inelastic diffractive scattering.

How:

e Study the evolution with My of the event shapes of
diffractive multihadronic final states in v*IP frame.

e The jet structure is established by studying this en-
ergy dependence.

Whye

e The range of mass Mx is appropriate for an analysis
of the topological characteristics of the final states.

e The event shape variables are sensitive to higher order
parton diagrams in pQCD.

® A similar study in ete” led to the evidence of jet
production.
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Topology of the event in the +* P frame:

event axis

Pr

e event axis (fis): that direction which minimizes the
= p2. of the event.

e Sphericity:

(11 = 7is)

i

= S gives the topology of the event:
2-jet-like events: S — 0
spherical events: S — 1

e Mean squared transverse momentim w.r.t. fis:

Py
N
= (p2.) is sensitive to three jet structure

2 —
py =
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Three-jet final state topology

evenl axis

<7 eyent

/ plane

¢ Mean squared transverse momentum in and out of the

event plane: p3 + pr ., = (PF)

For a three-jet final state:

e Non negligible (p2) w.r.t the event axis.

e Since the three jets must be in the event plane, (p3. )
should be small. |
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Event shape studies in e*e™ annihilation

1. SPEAR (SLAC) 1975 (3.0 < /3 < 7.4 GeV):
(S) decreases with increasing /s in contrast to pure
phase-space expectations: Clear sign of collimation.

== FIRST EVIDENCE FOR JET PRODUCTION in e"e”
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[

.PETRA (DESY) 1979 (7.7 < /s < 31.6 GeV):
{p% increases with increasing /s while
(p% ) remains limited: The events become planar.

FIRST EVIDENCE FOR THREE JET PRODUCTION
in ete~ by hard non-collinear gluon bremsstrahlung
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Event shape studies in DIS LRG events

The jet structure i1s established by studying the depen-
dence of the mean values of the event shape variables on

the cumn. energy in the v*IP frame

=> First, we subtract the remaining non-diffractive DIS
background after the cut 7,,,, < 1.8, using a standard

DIS MC.

Correction to the hadron level

= Using a diffractive MC, we correct the mean values to
the hadron level (before detector) to the true region:

Q%> 5 GeV?
160 < W < 250 GeV
7T< Mx < 25 GeV
Nmaz < 1.8
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@® ZEUS 94 Preliminary

ZEUS data:
o {S) decreases with increasing My : Collimation. jet formation

e Strong rise in (p%) and (p% . ; limited: The events become
planar, three jet formation.
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ZEUS 1994 DIS LRG events (preliminary)
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increases with increasing My while p2. -

remains limited: = The events become planar.
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Comparison ZEUS-PLUTO:
s Diffractive DIS less collimated than e*e™ at high energies
e Stronger rise in {p2’ in diffractive DIS:

= Additional wmechanism ro hard zlnen bremssoohalnng
for three jet formation.
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Factorisable Models for Pomeron induced reactions

e Basic mechanism:
Pomeron emission by the proton and subsequent hard

interaction between the v* and one of the partons from

the pomeron.
e Poumeron structures:

1. Ingelman-Schlein approach:
Partonic densities (quarks and/or gluons) in the pomeron.

‘= RAPGAP MC ete™
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2. Vermaseren-Barreiro-Labarga-Yndurdin approach:

® The Pomeron has no structure.

e Pointlike coupling of the pomeron to quarks and gluons.
e The simplest model one can think of.

= VBLY MC

P > qf 3
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The relative coupling of the Pomeron to gluons,

a-(IP = gq ), or quarks, (1-a)(IP — qq ) is a free

parameter in the VBLY model:

= o must be determined from a fit to

data distributions: = o = 0.53 = 0.06

a set of hadronic

= After the fit, around 50% of the final states come from
P — gg and 50% from IP — qq .

10

10

.........

(1—a)(P —qq) "
a-(P - g9 )+(1 — a)(P — qg )
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Comparison ZEUS-MC Models:
e MC only quarks in B : Similar to e”e”
e MC gnarks and gluons in ® :Closer to data(no tuning attempted)

e MC pointlike coupling of P to quarks and gluons:
Can describe the data using the appropriate proportion of
P — qq and IP — gg
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Conclusions

e We have investigated in LRG events the dependence
of classical jet variables like mecan sphericity and mean
squared transverse momentum w.r.t. the event axis,
on My , the c.m. energy in the ¥*IP collision.

e With increasing Mx the events become planar.
(S falls off less sharply than in e”e” annihilartion.

¢ Broadening effecrs (strong rise in (p3)) <rronger than
me e’ .

e Additional mechanism to hard gluon bremsstrahlung

needed.

e In the framework of the MC models discussed, a P cou-

pling also to gluons is needed in order to deseribe the
data.



<S>

0.1

® ZEUS 94 Preliminary
QO PLUTO (e'e)

—— VBLY qq & gg couplings

RAPGAP quarks+gluons
RAPGAP only quarks

llllllll

llllllll

. 10 15 20 25
M, (GeV)



<S>

03

0.2

0.1

-
-

e ZEUS 94 Preliminary
O PLUTO (e'e)

°* ¢<'.>+ ¢

lllllll

20 25
M, (GeV)

'l_"l'l"l'1ll

IIII-Q.I

ot

llllllj.llllllllll

10 15 20 25
M, (GeV)



<e>

0l

03

03

d
. A—— d
i
-
€, ‘+
S,
i 4
d
A
»
G“ "
. Jpowm
gy S —"
d
1.
“ G+

7} (TN

10 e S0

Se

T

!llllllllll

e
L

i I T 1T 177 I L I LI B I )

¢

-----
-

WS s

o conugstbeiy

0}

n* (eep)
10 e 30 52

Illl!llllllllllll

-
b
-
p—

tag,
LH
*a
*s
----

r T T L l T T T




